ABSTRACT. Holistic management (HM) is a decision-making framework, first developed in grazing systems, which combines intensive, rapid rotation of grazing livestock with adaptive and holistic decision making. Holistic management's use of systems thinking concepts may help farmers cope with increasing complexity on their farms. We used Q-methodology, a mixed method approach for identifying discourses, to understand the levels and types of systems thinking employed by farmers and HM trainers along a gradient of HM engagement. With responses from 18 Canadian and American participants, we identified 3 main viewpoints: the Fluent Systems Thinker, with adherence to core systems ideas such as tackling root causes and mimicking nature; the Aspirational Systems Balancer, who appreciates systems thinking ideas but struggles with application; and the Independent Creative Farmer, who adheres to more conventional farming traditions but values creativity and learning. These groups differed in their levels of empowerment, creativity, goal setting, and willingness to learn, all of which can affect capacity to manage complex decisions. All but one participating HM trainer were Fluent Systems Thinkers, suggesting the alignment of HM with systems thinking. All three of our participating females fell under the Aspirational Systems Balancer, suggesting lower levels of empowerment. We concluded that stronger engagement with HM correlates with higher adherence to systems thinking ideas and different types of systems thinking, although more research is needed to explore the direction of causation, the role of gender, and the ultimate effects on farm outcomes.
INTRODUCTION
Rangelands, the large grass-dominated areas in which unreliable rainfall limits agriculture to livestock grazing, face unprecedented levels of degradation (Yirdaw et al. 2017) . Historically, efforts were made in rangeland management to establish sustainable grazing levels using concepts such as plant community succession, but the complexity, scale, and variability of these environments led to multiple stable states confounding the possibility of using climax as a diagnostic tool (Sayre 2017) . Many rangeland researchers have shifted to alternative approaches such as stateand-transition models but those remain limited in their application (Bestelmeyer et al. 2018) . Rangelands have particularly suffered from reductionist and technocratic government policies that diminish system resilience and ignore local socioeconomic needs and goals (Li and Li 2012 , Allsopp 2013 , Linstaedter et al. 2016 ).
Holistic management (HM) was developed in the 1980s by Allan Savory, an ecologist and livestock farmer, to confront these negative trends (Savory 2016) . Savory built on traditions of pastoralism to mimic natural predator-grazer relationships through adaptive, rapid rotation of high numbers of grazing livestock through many paddocks (Savory 2016) . His method advocates embedding agricultural decision making within a cycle of goal setting, planning, monitoring, and adaptation. Although HM is generally applied in livestock grazing, it is applicable for other commodities and, like permaculture, beyond farming entirely (Mannen et al. 2012, Mann and Sherren 2018) .
Social science and farm-scale management research on HM have largely described positive outcomes, in part through talking to practitioners (Sherren et al. 2012 , de Villiers et al. 2014 , Nordborg and Röös 2016 , Sherren and Kent 2019 . Proponents have claimed huge successes: improved range condition, livestock productivity, farmer income and quality of life, soil health, carbon sequestration, and higher emergy sustainability (Stinner et al. 1997 , Jacobo et al. 2006 , Alfaro-Arguello et al. 2010 , de Villiers et al. 2014 ). More recently, Savory himself controversially extended those claims to include reversing desertification, halting climate change, and ending poverty (Savory 2016; Savory, 2013 TED Talk https://www.ted.com/talks/allan_savory_how_to_gre en_the_world_s_deserts_and_reverse_climate_change?language= en). Experimental science typically does not support such claims (Holechek and Valdez 2000 , Briske et al. 2008 , Carter et al. 2014 , Hawkins 2017 , Sherren and Kent 2019 but has been criticized for disregarding the important adaptive decision-making component of the system (Briske et al. 2011 , Savory 2016 , Sherren and Kent 2019 .
Both natural scientists and social scientists agree that HM practitioners benefit from using systems thinking, for instance, by embracing complexity, adaptivity, and holism (Briske et al. 2011 , Nordborg and Röös 2016 . Although reductionist thinking is useful in some contexts, systems thinking has long been recognized as a useful tool for improving capacity to deal with uncertainty and complexity in agriculture (Bawden 1991 , Bosch et al. 2007 , Mitchell et al. 2016 . Researchers have argued that methods from complex systems thinking could help contextualize rangeland problems and formulate management responses (Bosch et al. 2007) , improve livelihoods and rangeland condition (Allsopp 2013) , recouple social and ecological rangeland systems (Li and Li 2012) , and improve management of rangeland commons (Robinson 2009 ). Holistic management practitioners themselves seem to show higher adaptive capacity, social capital and innovation (de Villiers et al. 2014) , employ longterm systematic thinking, and embrace landscape heterogeneity (Sherren et al. 2012) .
Systems thinking represents a sharp break from the reductionist "command and control" thinking that has been described as dominating conventional agriculture, and which by seeking to control natural variation has reduced overall resilience (Holling and Meffe 1996, Abaidoo and Dickinson 2002) . Though there are many schools of thought within the systems thinking field, we define it as "the ability to represent and assess dynamic complexity" (Sweeney and Sterman 2000:2) , which is similar to the concept of "complex systems methods" described elsewhere (Schiere et al. 2004 ). This fundamentally different mindset aims to understand and affect change in nested and interconnected systems (Bennet and Bennet 2008, Meadows 2008) . Systems thinking relies on concepts such as holism (interconnectedness, in which the whole is more than a sum of its parts), complexity (interactions among multiple variables means the system cannot be understood in terms of direct cause-effect relationships), and resiliency (ability to survive, recover from shocks, and persist in variable situations; the opposite of brittleness; Bennet and Bennet 2008, Meadows 2008) . Systems thinkers critically engage with the lens through which they view the world; though we are each trapped in our own paradigm, systems thinkers work hard to understand their paradigm, shift paradigms, or ideally, transcend paradigms altogether (Meadows 2008 ).
An early review assembled a humbling list of reasons for human failure in complex systems: hidden system components or structures, dynamic complexity, time delays, inability to conduct experiments, selective perception, nonlinearities, missing feedback, delays, biases, distortions, ambiguities, and the list goes on (Sterman 1994) . Given this, it would be unrealistic to expect all farmers to become systems thinking experts, however, even a modicum of systems thinking skills would likely help farmers deal with the increasing complexity of farming (Bawden 1991 , Bosch et al. 2007 , Robinson 2009 , Allsopp 2013 . Systems thinking has been applied in agriculture through: agricultural innovation systems (Spielman 2005 , Klerkx et al. 2010 ; social-ecological systems (SES; Brunson 2012 , Linstaedter et al. 2016 , Hahn and Nykvist 2017 , Hruska et al. 2017 ; farming systems research and systems agriculture (Bawden 1991 , Schiere et al. 2004 ; agroecology, which integrates agronomy with ecology and socioeconomics (Dalgaard et al. 2003) ; and, permaculture, in which farmers create sustainable agro-social systems by mimicking natural patterns (King 2008) . Beyond its agricultural applications, systems thinking has also been identified as valuable in other planning and management settings, such as ecosystembased management in ecology (Potschin and Haines-Young 2013) , forestry (Bosch et al. 2007) , and fisheries (Berkes 2003) .
Although HM has also been described as systems thinking in practice (Mann and Sherren 2018) , it remains unclear to what extent HM practitioners themselves employ systems thinking. Holistic management is a heterogeneous concept, in which farmers can adopt new paradigms as well as new practices, and in which trainers focus more on building decision-making skills than defining a set of grazing rules (Mann and Sherren 2018) . In reality, among practitioners, there is a wide range in the uptake of various HM elements. Some may do as little as rapidly rotating their animals through many pastures, whereas others embrace concepts like holistic decision making, interconnectivity, and adaptability (Mann and Sherren 2018) . This heterogeneity complicates discussions of adoption (de Villiers et al. 2014 ) and creates a challenging environment for academic research, which prefers to draw clean boundaries between different grazing practices.
The heterogeneity among HM practitioners suggests a gradient of systems thinking capacity and application, ranging from those with minimal HM experience or low HM application, to expert levels. Individuals who engage with HM to varying degrees and in different contexts will undoubtedly bring their own subjectivities to HM. The goal of this study was to understand the subjective adherence to systems thinking among people (farmers and HM trainers) who self-identify as engaging in HM to varying degrees. We used an online Q method survey of HM trainers, long-time HM-practitioners, and new or "somewhat HM" farmers to respond to two research questions:
1. Are there different levels of systems thinking among people engaged in HM to varying degrees?
2.
Are there different types of systems thinkers among these groups, i.e., do they emphasize different systems thinking ideas?
Q METHODOLOGY
We used Q methodology, an exploratory mixed-method approach for identifying discourse on a given subject, to assess farmers' subjective worldviews, and to understand the level and types of systems thinking they employ. We developed a group of statements (Q set) to comprise the concourse, which represents the full range of potential opinions or views on a given subject, in this case systems thinking in farming operations. Participants were asked to sort this series of statements along a scale from strongly agree to strongly disagree on a forced-normal distribution. In this way, only a minority of statements can be placed at the extreme ends of the scale and the bulk of statements must be placed in the middle categories (Brown 1980 (Brown , 1993 J. van Exel and G. de Graaf 2005 , https://qmethodblog.files.wordpress. com/2016/01/qmethodologyasneakpreviewreferenceupdate.pdf). The way in which a participant arranges the statements is known as the "Q sort." These data are then subjected to factor analysis, thereby allowing quantitative assessment of qualitative worldviews. Recent work has found that the cognitive task of Q sorting is similar to responding to comparable statements using a Likert scale, but the forced choice elicits clearer priorities across a larger number of statements within the Q set (Thompson et al. 2013; Parkins and Sherren, in press ).
Q methodology has now been widely used to understand environmental views and elicit farmers' and ranchers' perceptions on a range of farm-related issues. Q has revealed interesting differences in farmers' decision making and management styles on a range of levels. From a paradigmatic view, for example, it has revealed differences between holistic and reductionist viewpoints in agroecology (Louah et al. 2017) ; different strategies among progressive beef farmers, from the "committed environmentalist" to the "profit maximizer" (Pereira et al. 2016) ; and variations in how Swiss alpine farmers use common resources and enforce prosocial behavior (Baur et al. 2014) . Q methodology has shown that farmers and ranchers generally share some level of conservationism and land ethic, while still holding divergent views in other topics (Davies and Hodge 2007, Lien et al. 2017) . It is also useful for understanding day-to-day decisions, such as https://www.ecologyandsociety.org/vol24/iss3/art19/ motivators for making crop decisions (Nordhagen et al. 2017) or preferences about height and color of vegetation (Cruz et al. 2007 ). Farmers are a diverse group, and the strength of Q is its ability to reveal distinct discourses within agriculture that can help direct future policies and programs (Brodt et al. 2006 , Hall and Wreford 2012 , Hamadou et al. 2016 .
Developing the Q set
An initial Q set of 88 statements about goal setting, planning, and decision making was developed by drawing on ideas and discourses in systems thinking literature, from previous academic work using Q methodology on farms and ranches, our interviews with adaptive grazing trainers in fall 2017 (Mann and Sherren 2018) , and HM literature and training materials. Our goal was to assess adherence not to HM practices but to systems thinking ideas in an agricultural context, some of which overlap with HM tenets. Further, this method does not allow us to assess participants' capacity for systems thinking, nor their on-farm actions or outcomes, but only their stated value for systems thinking ideas. Because the selection of the Q sample is of critical importance (Brown 1980) , we worked to ensure that statements were clear and easy to understand, and represented a wide scope of issues and ideas in systems thinking and decision making.
Statements were developed within 11 categories: quality of life; goals and planning (short-term vs. long-term thinking); problem solving and decision making; creativity/flexibility; diversity and resilience (risk management); monitoring outcomes; empowerment; boundaries; social; economic/productivity; and environment. Many of the categories are not mutually exclusive, and thus some statements could reasonably fit into multiple categories. Within each category, statements were developed to represent both the traditional/reductionist view and the systemic view, though these delineations are not "hard." Statements were selected so that each category contained at least one systems statement and at least one traditional/reductionist statement. The final Q set of 30 statements was refined with help from a colleague who recently completed interviews with Canadian ranchers across a range of rotational regimes.
Survey design
The Q sort itself was conducted through Q-sorTouch (Pruneddu 2016) , an online Q method platform that allows the administering of additional survey questions alongside the Q sort. Participants were presented with the 30 statements in random order and asked to rank them on a scale from -3 (strongly disagree) to +3 (strongly agree) in a forced-normal distribution. This range is not as wide as is typically used, but was chosen to make the sorting task easier for participants on a laptop screen without requiring too much scrolling from side to side. The range and shape of the distribution have no effect on analysis (Brown 1993) . We estimated the survey would take 20-30 minutes to complete. All participants were sent a $10 Amazon gift voucher in local currency for completing the survey if they provided an email address: 16 of 18 did.
Although the platform is somewhat intuitive, we had feedback from several potential respondents who were not able to complete the survey, either because the platform did not work well on mobile devices or because the system defaults prevented them from continuing through the survey. This latter issue was possibly because the participant had not provided an answer to every question, a requirement that the system does not explain well. We likely lost some potential participants because of these software issues, although the exact number is not known.
Participant recruitment
We deliberately stratified our sampling to engage participants along a gradient of HM engagement. We sent the survey to 50 Canadian and American HM trainers who had participated in or expressed interest in our previous research on HM training (Mann and Sherren 2018) and asked them to also send the survey to their recent trainees. Our initial plan was to track a systems thinking trajectory based on self-identified adherence to HM, ranging from trainees with little or no HM experience, to those with significant HM experience, including the trainers. However, most of the trainees we heard from had already taken prior HM training, so we had no effective control sample. We thus asked the abovementioned colleague to send the survey to an additional 50 farmer participants from her recent grazing study, and this way we acquired a few somewhat and non-HM farmers. It can be difficult to recruit conventional farmers in such research because selfselection bias filters out only those who are comfortable with the domains being discussed. This can lead to a set of usual suspects regularly participating in research, making it difficult to hear the full range of discourses. Our sample broadly captured our interests, but we would have preferred more non-HM participants. Overall, 18 people participated in the online survey and were included in the analysis, thus achieving numbers robust for Q methodology (J. van Exel and G. de Graaf 2005, unpublished manuscript).
Analysis
Analysis of the Q sorts was performed using PQMethod (Schmolck 2017 ), a statistical program designed specifically for analysis of Q data. First, a correlation matrix of the Q sorts was developed, which was then subjected to principal components analysis (PCA). With Eigenvalues > 1, the first three factors (Eigenvalues of 9.19, 1.62, and 1.42, respectively) were selected for varimax rotation, after which factors were flagged to associate participants with each factor. Participants were associated with a factor if they loaded high on that factor (at least 0.65) and not on other factors; participants that loaded high on multiple factors were excluded from the analysis. These "flaggings" were used to generate and interpret archetypal or idealized sorts for each factor, which we refer to as "viewpoints," based on the rank orderings of Z-scores for each factor. We also identified and interpreted "distinguishing statements," that is, the statements that were ranked significantly differently (p < 0.05) between the viewpoints.
Because participants interpret the statements within their own worldview, the traditional/systemic designation of the statement was only used as a starting point for our analysis. Our interpretation of the results considers the content of the statements themselves, as well as their designation as traditional or systemic.
RESULTS
Fifteen men and three women participated, ranging in age from 32-74 (Table 1) . Although the average age was 52, that age is not in the sample, which had a gap between 45 and 62 (median = 45). Nine participants were farmers, one was an HM trainer, and the From the 18 completed Q sorts, we used PCA to identify 3 viewpoints corresponding to factors 1, 2, and 3, which explain 34%, 19%, and 15% of the variance, respectively. Eight sorts loaded on factor 1, three sorts loaded on each of factors 2 and 3, and four sorts loaded on multiple factors and were excluded from analysis (Table 1) . These three viewpoints reflected differences both in level of systems thinking (some viewpoints agreed with more systems statements than others) and in type of systems thinking, in which viewpoints differed in their opinions on creativity, learning, and empowerment. We call the viewpoints the Fluent Systems Thinker, the Aspirational Systems Balancer, and the Independent Creative Farmer. The statistical strength suggests to us that these archetypal viewpoints do indeed exist, although it is likely that other viewpoints also exist. The average time to complete the survey was 26 minutes, ranging from 13-68 minutes. There was no relationship between time to complete and participant loading on any one factor.
There were some areas of consensus between all three viewpoints ( Table 2 ). All felt that teamwork and collaboration were critical to a smooth-running operation (statement 27), and all disagreed that buying more insurance would be a useful way to deal with risk (statement 15). They were generally neutral about whether they break a problem down into smaller parts (statement 5) and about whether they find it difficult to be an expert on every aspect of the operation (statement 21). All agreed that having diversity is important for increasing resilience in an operation (statement 18). Each viewpoint is described below in more detail and the differences between them discussed. Each viewpoint subsection draws on a table of statistically distinguishing statements. Archetypal responses to other statements are included because of strength of feeling even if not statistically significantly different from other viewpoints; these can be referenced by statement number in Table 2 .
Viewpoint 1: Fluent Systems Thinker (34% of variance explained)
This viewpoint is defined by its strong adherence to core systems thinking (and HM) values: development and use of a farm goal (statement 4), identifying the root cause of a problem (statement 7), and mimicking nature (statement 30). These latter two sentiments distinguish it from viewpoints 2 and 3, who only slightly agreed or felt neutral about these issues (Table 3) . This viewpoint tended to think of the farm as a self-sustaining unit that, when healthy, should need few inputs (statement 17) and felt that their management practices had important impacts on the local ecosystem and community (statement 25). They felt strongly that science and technology could not be counted on to solve every problem (statement 6).
The only systems' statements that this viewpoint slightly disagreed with were statements 2 and 8: "Some people put too much emphasis on the business end of farming; for me, it is also a lifestyle" and "Some problems seem too complex to have a perfect solution" (Table 2 ). They also slightly agreed with the traditional/ reductionist statement 10: "I've developed a pretty good routine on my operation, so year after year, things are pretty stable." These ratings speak to the experience and confidence of those in this viewpoint.
Unlike viewpoints 2 and 3, this group did not feel as strongly that learning new things was important to being a better farmer (statement 14). This may speak to the fact that these participants Table 2 . List of statements in the Q set, the Z-score indicating the position of each statement relative to the others on each factor, and the rank of each statement on an archetypal sort of each factor (T = traditional/reductionist; S = systems thinking; † = distinguishing statements). were generally more experienced with farming and HM than the other groups (Table 1) . Demographically, this viewpoint consisted of HM trainers: of the nine HM trainers included in the analysis, eight fell firmly into this group (the only female trainer loaded here but was stronger on viewpoint 2), seven of whom were also farmers. All were male, ages 45 to 72, with education ranging from high school to master's degrees. They had worked as HM trainers for 8-32 years, and those who farmed had done so for 16-45 years.
Viewpoint 2: Aspirational Systems Balancer (19% of variance explained)
Like viewpoint 1, this viewpoint felt strongly that science and technology will never be able to solve every problem (statement 6) and that it is important to have a farm goal (statement 4). However, they also felt that day-to-day issues often stopped them from moving toward their goals (statement 3; Table 4 ). They felt strongly that learning new things is important for farming better (statement 14). This viewpoint displayed lower levels of empowerment than the other groups; they strongly disagreed with statement 23: "I see myself as the closest thing to an expert on my own operation," with which viewpoints 1 and 3 slightly agreed. They only slightly disagreed that: "At a landscape level, decisions are made elsewhere, so my choices don't have a huge effect" (statement 24). They were also more concerned about quality of life; they enjoyed the lifestyle of farming more than the other groups (statement 2) and felt more strongly that economic viability should be balanced with other important considerations (statement 28). This viewpoint also felt more strongly than the others that some important things cannot be measured (statement 19).
This group largely adhered to systems thinking ideas, save a few key points: a lower level of empowerment (statement 23), a feeling that their goals were often undermined by day-to-day issues (statement 3), and also a slight disagreement with statement 17, that "A healthy farm is self-sustaining and needs few inputs to be profitable." This group seems to appreciate the systems thinking paradigm, but struggle with applying the concepts in the day-today balance of their farming practice.
All three of the female participants in our study define this factor. These women were slightly younger than those in viewpoint 1, ranging in age from 30-43, and had less experience with farming (8-13 years). Two considered themselves somewhat HM and practiced rotational grazing, although only one had recently taken grazing training, which was not HM. The third participant was a farmer as well as an HM trainer, with 14 years of training experience. Two had Bachelor's degrees, and one had attended college.
Viewpoint 3: Independent Creative Farmer (15% of variance explained)
This viewpoint tended to embrace some of the more traditional elements of farming. It is distinguished by being the only viewpoint that enjoys the tradition of being a farmer (statement 12) and by preferring to specialize in a few main crops rather than diversifying their operation (statement 16; Table 5 ). This was also the only viewpoint to agree that conservation practices should only be undertaken if they fit within the current management (statement 29). Unlike viewpoints 1 and 2, who strongly supported goal setting and rejected the role of science and technology in farming, viewpoint 3 was neutral on these issues (statements 4 and 6, respectively). They also slightly disagreed with statement 9: "Everything on my operation is connected ...," with which factors 1 and 2 agreed. We may not be able to solve every problem yet, but science and technology will eventually offer a solution for every problem -3 -3 0 9 (S) Everything on my operation is connected, and even small decisions can have cascading effects in unpredictable ways 1 2 -1 1 (T) A successful farmer concentrates on production and is not sidetracked by outside interests or activities -2 -1 -3
In contrast, however, this viewpoint also enjoys learning new things (statement 14) and being creative (statement 13). They felt strongly that farmers should lead well-balanced lives (statement https://www.ecologyandsociety.org/vol24/iss3/art19/ 1) and felt that their choices have an important impact on the landscape (statement 24). They felt that intuition can be very important for decision making, which factors 1 and 2 felt neutral about (statement 20).
This viewpoint disagreed slightly with three systems statements: "Some people put too much emphasis on the business end of farming; for me, it is also a lifestyle" (statement 2); "Everything on my operation is connected, and even small decisions can have cascading effects in unpredictable ways" (statement 9); and "My management decisions have a big impact on the local ecosystem and community" (statement 25). This factor also agreed with more traditional statements than factors 1 and 2: in addition to statements 12, 16, and 29, this viewpoint also preferred to break a problem down into small parts (statement 5).
The viewpoint comprised 3 men, ranging in age from 35-69. All were farmers, and in general they had little experience with HM: one identified as an HM-practitioner but had only been farming for 3 years; the others had been farming for 20 and 35 years, and identified as somewhat HM. Two held bachelor's degrees, and one held a PhD.
DISCUSSION
We set out to explore levels and types of systems thinking among people who have engaged with HM to varying degrees, from wellestablished HM trainers to farmers who are just beginning to explore HM. Using Q methodology, we developed a concourse of 30 statements on topics representing a range from systems to traditional/reductionist thinking. Using the responses of 18 participants in Canada and the US, we identified 3 main viewpoints representing different types and levels of systems thinking: the Fluent Systems Thinker, with adherence to core systems ideas like tackling root causes and mimicking nature; the Aspirational Systems Balancer, who appreciates systems thinking ideas but struggles with application; and the Independent Creative Farmer, who adheres to more conventional farming traditions but values creativity and learning new things.
Levels and types of systems thinking
Are there different levels and types of systems thinking among people engaged in HM to varying degrees? Our results indicate that there is clearly a gradient of systems thinking among people engaging in HM. At one end is the Fluent Systems Thinker viewpoint, which consists of established HM trainers who adhere strongly to systems thinking ideas. This alignment confirms the link between HM and systems thinking that we, and others, have speculated about (Briske et al. 2011 , Sherren et al. 2012 , de Villiers et al. 2014 , Nordborg and Röös 2016 , Mann and Sherren 2018 . The statements used for sorting do not specify any particular agricultural commodity, so it may be useful for assessing systems thinking in a range of agricultural contexts. On the other end of the gradient, the Independent Creative Farmer (with less experience in HM) had a lower adherence to systems thinking ideas: they disagreed with more systems statements and agreed with more traditional/reductionist statements. Higher adherence to HM seems to be linked to systems thinking perspectives, although the direction of causation remains unclear.
However, the story is more complex than a simple gradient of systems thinking levels: we also see different types of systems thinking dominating in different groups. The Fluent Systems Thinkers scored high on many systems thinking statements but did not especially value creativity or learning new things. This viewpoint seems to have fully internalized the HM paradigm, perhaps to such a point that they feel there is little left to learn. In contrast, the Independent Creative Farmer held some traditional, reductionist ideas but also displayed high levels of creativity and empowerment. They appear to be open to new farming methods but independent of HM orthodoxies (Chiaviello 2000) . The Aspirational Systems Balancer falls in the middle: this viewpoint adhered strongly to many systems thinking ideas but struggled with applying, and feeling empowered to apply, those ideas in practice. Lack of empowerment has been linked to systems thinking capacity (Ackerman et al. 1995) .
Empowerment, gender, and systems thinking
The Aspirational Systems Balancers did not see themselves as experts on their own farm, struggled with day-to-day issues that stop them from achieving their goals, and did not feel strongly that their decisions could have a major effect on the landscape. These issues, i.e., motivation and self-rating of ability, are important factors that affect individuals' capacities to deal with complex systems in simulation studies (Ackerman et al. 1995) . Empowerment is important for effectively using systems thinking in practice, a factor that has also been identified by HM trainers as critically important for HM practitioners' success (Mann and Sherren 2018) . Our data do not allow us to speculate about onfarm outcomes of different levels or types of systems thinking, although this would be valuable future research.
The participants that defined this viewpoint were, perhaps coincidentally, all women. Other systems literature has also identified women as typically having lower perceptions of selfefficacy, which influences goal setting, analytical thinking, and outcomes in complex decision making (Bandura and Wood 1989, Ackerman et al. 1995) . Perceived self-efficacy likely has an intermediary effect on systems thinking capacity, because women typically perform worse than men in complex systems simulations (Bandura and Wood 1989 , Ackerman et al. 1995 , Wittmann and Hattrup 2004 . Others have hypothesized that the higher risk tolerance of men inspires more dramatic responses in a simulation game, allowing them to see the system structure more clearly (Wittmann and Hattrup 2004) . Our data hint at this link between gender and empowerment in complex systems thinking but do not support any assessment of the effects of gender on actual ability or systems outcomes. Future work in HM should explore this link and the associated outcomes on farm systems performance, perhaps using endogenous goals to evaluate success (i.e., the goals set by farmers during the HM planning process) rather than exogenous assumptions of economic rationality.
A further difference between the Aspirational Systems Balancer and the other viewpoints was a greater concern for quality of life: enjoying the lifestyle of farming and balancing economic considerations with other values. This, too, has been noted by HM trainers, who perceived that women are drawn to HM for quality of life or health reasons, whereas men focus on productivity (Mann and Sherren 2018) . Holistic management farms in Australia more often seem to be collaborations between life partners than run by sole operators, leading to more family time despite increased labor (Sherren et al. 2012 ) and potential https://www.ecologyandsociety.org/vol24/iss3/art19/ benefits for well-being. With only three women participating in our study, the gender factor here is tenuous. There are other differences between the participants that define each viewpoint, such as age, experience with farming, and experience with HM. However, further research is warranted to test the extent to which gender holds as a factor in explaining differences between these discourses.
Creativity, learning, and goal setting in complex decision making The Independent Creative Farmer is distinguished by being the only viewpoint to highly value creativity; along with the Aspirational Systems Balancer, they also highly value learning new things. The Fluent Systems Thinker was ambivalent on both.
In systems research, however, the role of creativity and learning in systems thinking is complex. Systems researchers advocate for breaking paradigms, crossing boundaries, and thinking outside the box (Meadows 2008) . Research shows that being highly familiar with a situation makes for poorer learning outcomes and more difficulty applying new skills (Bakken 1993) , indicating the importance of being open to new ways of thinking and doing. This poses a challenge for farmers who are entrenched in their own farm and own paradigm, which likely reduces their ability to learn. On the other hand, creativity, along with mental speed, verbal processing speed, short-term memory, can also have negative impacts on performance in complex system simulations, leading to the hypothesis that reasoning and deep thinking are more important than fast thinking (Wittmann and Hattrup, 2004) . The willingness of the Independent Creative Farmer to learn new things may be what attracted them to HM, whereas their autonomy might keep them from fully aligning. Creativity may also bode well for their ability to learn systems thinking ideas, but its effect on systems outcomes remains unclear.
The Independent Creative Farmer is also the only viewpoint to highly value experimentation. Systematic thinking and continuous experimentation are both important for developing mental models and learning system processes (Sterman 1994 , Vollmeyer et al. 1996 . Closed-loop thinking is particularly effective in complex task simulations, in which an individual first conceives of the problem, makes a plan, takes action, and then returns to the conception stage to analyze the effects of their action and develop a new plan (Maani and Maharaj 2004, Bußwolder 2015) . This is effective because complex systems can only be understood incrementally (Maani and Maharaj 2004) . Savory advocates for a similar type of closed-loop thinking with his plan-monitor-control-replan model (Savory 2016) . Using this effectively in real life, however, i.e., learning about and affecting change in the system that one inhabits, is extremely difficult (Sterman 1994) . Many farmers prefer to avoid uncertainty and simplify decision making (Villamor and Badmos 2016) , but the creativity, experimentation, and willingness to learn exhibited by the Independent Creative Farmer indicates a greater acceptance for uncertainty, which is a key trait of systems thinkers (Meadows 2008) .
Both the Fluent Systems Thinker and the Aspirational Systems Balancer felt strongly that goal setting was important for their farm. The Independent Creative Farmer, however, felt neutral about goal setting. Holistic management asks farmers to create a holistic context or farm goal: the purpose of the whole under management, the desired quality of life, and the resource base that must be in place (Savory 2016) . Goal setting improves outcomes in complex systems simulations, although a goal that is highly specific limits understanding of the system structure and therefore reduces knowledge transferability (Vollmeyer et al. 1996) . Developing a more holistic goal, such as in HM, may be better.
CONCLUSION
Farmers face complex management decisions every day and must consider a multitude of economic, social, and environmental factors when choosing the best course of action. Systems thinking can help farmers cope with complexity and improve their decision making, and HM is one concrete application of systems thinking in agriculture. We identified three viewpoints on systems thinking ideas among farmers and HM trainers who are engaged in HM to varying degrees. The dominant group, made up of long-time HM trainers, were Fluent Systems Thinkers who adhered to most systems thinking ideas but had low value for further creativity and learning in their own operations. The Aspirational Systems Balancer agreed with many systems ideas but struggled with empowerment and application of those ideas in practice. The Independent Creative Farmer, with less farming or HM experience, had lower engagement with systems ideas, but valued creativity and learning new things. These groups differed in their levels of empowerment, creativity, goal-setting, and willingness to learn, all of which can affect capacity to manage complex decisions. Gender also seems to play a role, as women in the sample displayed lower levels of empowerment, although more research is needed. Stronger engagement with HM seems to correlate with stronger adherence to systems thinking ideas, although the direction of causation remains elusive. Our research indicates that farmers who engage in HM to varying degrees approach decision making very differently, and future research should explore whether these differences result in changes to on-farm practices or outcomes.
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